A neutron detector sensitive from 2 to 100 MeV is described. neutron/cm -sec at a counting rate of one per minute, the energy resolution is 12% at 15 MeV and 30% at 100 MeV. The angle between the incoming neutron and the recoil neutron is measured to ± 10 .
INTRODUCTION
In order to understand the mechanisms for generating and accelerating particles in solar flares and for investigating their time behavior it is very useful to study the neutrons produced. If the temperature and the deuterium concentration in solar flares are sufficiently high, thermonuclear neutrons will be produced with high enough intensities to be observed near the earth.
In addition, neutrons will be generated by collisions of high energy solar flare protons with the helium 2 3 atmosphere of the sun. ' The solar neutron intensity at the earth will peak in the vicinity of 50 MeV. An identification of solar neutrons will give information about the density of helium and the flux of energetic protons in the sun's atmosphere, together with the time dependence of the protons' accelerations and losses. If energetic protons are stored for periods of time, the neutrons produced will give the proton time history.
The search for solar neutrons has been unsuccessful to date because of the low solar neutron flux and the limitations of the previously flown detectors. For a review of these attempts see 4 Lockwood. Above about 10 MeV the previous detectors have _2 lowered the limit for the solar neutron flux to less than 10 2 neutrons/cm -sec.
The detector described in this paper has the -4 capability of measuring neutron fluxes down to 10 neutrons/ 2 cm -sec.
From the time of discovery of the high energy protons in the earth's radiation belt, their source was thought to be the decay of neutrons produced by nuclear interactions of cosmic ray protons in the atmosphere of the earth. Our detector has the capability of measuring these albedo neutrons.
In order to search for solar neutrons and study earth albedo neutrons the detector requirements are 1) large area, solid angle, and efficiency; 2) energy determination capability in the interval from 2 to 100 MeV; and 3) high discrimination against backgrounds. Our detector was first proposed in 1968 . 
If the direction P, were obtained, in addition, it would be possible to determine the azimuthal angle as well. The measurement of the direction of P, necessarily comes at the expense of a high detection efficiency. For our experiment the compromise to a thick detector and therefore high efficiency was made. As a consequence, the direction of P, could not be measured.
In order to discriminate against backgrounds, a number of improvements were made over past detectors: 1) Liquid scintillator that has a large hydrogen to carbon ratio of 1.67 was used to reduce the number of neutron interactions on carbon. 2) Each liquid scintillator bank was completely surrounded by plastic scintillator to eliminate charged cosmic rays.
3) The mass of liquid scintillator was large, about 135 kg, a reasonable fraction of the total flight weight.
We thus have good energy resolution, a large area-solid angle-efficiency factor, and a good discrimination against back- 
THE NEUTRON DETECTOR
The detector is designed to operate at balloon altitudes where it efficiently discriminates against the large number of energetic charged particles. The size of the balloon limits the detector weight that can be carried to altitude and the charged particles restrict the overall dimensions. The detector has an identical response to upward and downward moving neutrons so that solar and earth albedo neutrons may both be measured;
this demands symmetry about a horizontal plane through the center of the detector. To make the detector more directional the position of the interactions of the incident and the scattered neutrons are each identified to about 10 cm. The trajectory of the scattered neutron is determined and the direction of the incident neutron is calculated to an accuracy of about 10%.
A schematic cross section of the neutron detector is shown in Figure Ib 
THE DETECTOR ELECTRONICS
For the detector to identify and measure the energy spectrum and angle of the neutrons, the electronics system must perform the following functions:
1. Reject charged particles and gamma rays. 4. Record the cell or cells in which the complete event took place.
5. Measure the orientation of the detector with respect to the sun.
6. Switch the system response between a downward and an upward mode to enable both solar and albedo neutrons to be detected.
In addition, the telemetry must have the capacity to handle \ the expected counting rates.
A block diagram of the system electronics is shown in All data are displayed in binary form using neon lamps. In addition, all 23 data words are binary/decimal decoded and can be printed on paper tape for each valid event at the rate of one event/sec. The data is also converted from digital to analogue for display on spectrum analysers. Finally, the data bit stream is recorded on magnetic tape in an IBM compatible format. The flight time versus channel number was determined using a pulse generator with a series of accurately known delay lines.
The time resolution was determined from the width of the y-ray peaks and from sea level |a-mesons. As seen in Figure 6b 
